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1 Introduction

At RAN#72 meeting, the WI of eMBMS enhancement for LTE was updated in [1]. One of the objectives is to 
· Specify means of using subframes 0, 4, 5, 9 (FS1) and 0, 1, 5, 6 (FS2) for MBSFN. 

· The non-MBSFN subframes for unicast can only be used as Scell
At RAN1 86 bits meeting, some agreements and working assumptions were reached as following:
Agreements:

For synchronization and acquisition of system information on FeMBMS carrier: 

· For <100% MBSFN subframes the legacy sync and SI acquisition procedures are reused based on subframe #0 and #5 

For the carrier with 100% MBSFN subframe allocation, two mechanisms for access are considered as working assumption:

· For 100% MBSFN subframe allocation FeMBMS carrier transmits a periodic subframe, CAS Cell Acquisition Subframe 

· To be confirmed or revisited at RAN1#87, including:

· CAS performance (including synchronization performance and link level performance of PDCCH and PDSCH), and capacity analysis, based on the definitions below should be evaluated to the next meeting; details of SI transmission in different system bandwidths should also be provided. 
· Consideration of FDM as an additional mode of operation if all the details (i.e. design, guard band size, specification impact, UE implementation impact analysis) and evaluations showing clear performance benefit (considering the performance targets) are presented at the next meeting.
In this contribution, evaluation of FDM is discussed. 
2 Discussion

2.1 Sync/MIB/SI acquisition time

For FDM, legacy access mechanism is used, that is to say, PSS/SSS is transmitted in subframes 0 and 5, MIB uses a fixed schedule with a periodicity of 40ms and repetitions made within 40 ms. The first transmission of the MIB is scheduled in subframe #0 of radio frames for which the SFN mod 4 = 0, and repetitions are scheduled in subframe #0 of other radio frames within the 40ms periodicity. The SystemInformationBlockType1 uses a fixed schedule with a periodicity of 80 ms and repetitions made within 80 ms. The first transmission of SystemInformationBlockType1 is scheduled in subframe #5 of radio frames for which the SFN mod 8 = 0, and repetitions are scheduled in subframe #5 of all other radio frames for which SFN mod 2 = 0.
For CAS, new access mechanism with long acquisition time is introduced. PSS/SSS is transmitted in subframe #0 of radio frames for which the SFN mod 4 = 0, MIB uses a fixed schedule with a periodicity of 160ms and 4 repetitions with 40 ms period, the first transmission of the MIB is scheduled in subframe #0 of radio frames for which the SFN mod 160 = 0, and repetitions are scheduled in subframe #0 of radio frames for which the SFN mod 40 = 0.  A first SI may be introduced in CAS according to the working assumption, and the first SI is transmitted in SFN mod 8 = 0  and can change only in SFN mod 16 = 0, which means that the first SI is transmitted only two times.
Under the same channel state, the acquisition time with CAS manner is four times than that with FDM manner. The subframes used for cell acquisition for FDM-based design and CAS-based design are shown in Fig. 1 and Fig. 2.
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Figure 1. Subframes used for cell acquisition for FDM
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Figure 2. Subframes used for cell acquisition for CAS
Obervation1: The acquisition time of Sync/MIB/SI with FDM is much smaller than that by using CAS. The acquisition time with CAS is four times of that with FDM. 
2.2 Guard band evaluations
There are two scenarios to be evaluated:
· Center 6 PRBs performance with and without interference from PMCH with 1.25kHz subcarrier spacing;

· PMCH performance with and without interference from central  PRB with 15kHz subcarrier spacing;

The simulation assumptions and simulation results are listed in Appendix A and B, and 180 kHz guard band is used when evaluating the performance with interference.

From the simulation results, we can see that 
· The performance loss is 0.17 dB for center 6 PRBs with interference from PMCH compared with no interference.

· There is 0.3dB performance loss for PMCH with interference from central 6 PRBs with 15kHz subcarrier spacing. 

Obervation2: The performance loss is about 0.17~0.3 dB compared with no interference when 180 kHz guard band is used.
2.3 Overhead
The period of CAS is 40ms, so we compare the overhead in 40ms by using CAS and FDM, though this is very unfair to FDM due to the acquisition time of CAS is much longer than that of FDM. For FDM, we assume that the center 6 PRBs are used to transmit PSS/SSS/MIB/SI and 1 PRB as guard band is located at each side of central 6 PRBs.
The size of non-PMCH resource in 40ms is listed in Table 1.

Table 1. Non-PMCH resource in an access period

	System bandwidth (MHz)
	CAS (PRBs)
	FDM (PRBs)

	1.4
	n * 6
	48

	3
	n * 15
	64

	5
	n * 25
	64

	10
	n * 50
	64

	15
	n * 75
	64

	20
	n * 100
	64


Note: n is the duration of CAS.
Whether the resource is enough to transmit the SI will influence the value of n especially for the small bandwidth scenario. Furthermore, the performance of time-frequency tracking also needs to be considered, which will influence the value of n. From Table 3, we can see that the overhead of FDM is comparable to that of CAS even when n is 1.
Obervation3: The overhead of FDM is comparable to that of CAS within 40 ms.
2.4 Capability of flexible change between broadcast and unicast
For FDM, legacy initial access procedure is used, so flexible change between broadcast and unicast is supported. This satisfies SA’s requirement that “the 3GPP network shall support flexible change between broadcast and unicast per traffic demand over the same carrier” [2]. However, flexible change between broadcast and unicast is not supported for CAS, because different initial access mechanisms are used for the carrier with 100% or less than 100% MBSFN subframe configuration.
When the carrier is configured with 100% MBSFN subframe allocation, unicast transmission can even be supported by legacy UEs if FDM is used. However, this is impossible for CAS.

Obervation4: Flexible change between broadcast and unicast is supported in FDM but is not supported in CAS.
2.5 Specification impact

2.5.1 FDM-based 
Some impacts on specification are listed as follow:

· PMCH resource mapping: PMCH is not mapped to center 6 PRBs and PRBs configured as guard band (if any) in subframes 0 and 5 when the carrier is configured with 100% MBSFN subframe allocation.

· MBSFN reference signal mapping: MBSFN reference signal is not mapped to center 6 PRBs and PRBs configured as guard band (if any) in subframes 0 and 5 when the carrier is configured with 100% MBSFN subframe allocation.

· PDCCH mapping: if the carrier is configured with 100% MBSFN subframe allocation, PDCCH is mapped to center 6 PRBs in subframes 0 and 5.

· CRS sequence: if the carrier is configured with 100% MBSFN subframe allocation, the parameter 
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used for CRS sequence is equal to 6 in subframe 0 and 5.

· MBSFN reference sequence generation: if the carrier is configured with 100% MBSFN subframe allocation, the parameter 
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2.5.2 CAS-based
Some impacts on specification are listed as follow:

· MIB content: the bits used to indicate the SFN is changed from 8 bits to 6 bits.

· PBCH resource mapping.
· PSS resource mapping. 
· SSS resource mapping.
· Scheduling of  SIB1. The period and subframe position for the transmission of SIB1 are changed, and the repetition times may also be modified.
2.5.3 Summary

The impacts on the specification with FDM are mainly focused on the resource mapping of physical channel and reference signal. However,  the content of PBCH is also modified other than resource mapping for CAS,   which is in conflict with the agreements at RAN1#86 that the design should not “require changes to any channels and signals needed for MBMS operation except PMCH and MBSFN-RS”.
Obervation5: For FDM, the specification impacts include resource mapping of physical channel and reference signal. For CAS, the content of PBCH also needs to be modified besides the resource mapping of PBCH and SS.
2.6 Complexity
Assumptions for the operations calculation are as follow:

Table 2. Assumptions for complexity evaluation
	System bandwidth
	PMCH numerology
	numerology for

access resource 
	duration

	10MHz
	1.25kHz with 200us CP
	15kHz with normal CP
	40ms


2.6.1 IFFT

For legacy unicast transmission, a 1024-point IFFT is used when the bandwidth is 10MHz, and a 12288-point IFFT is used for PMCH with 1.25kHz subcarrier spacing while a 128-point IFFT is used for access resource for FDM. Assuming radix-2 algorithm is used for N-point IFFT with number of operations as 5*N*log2(N).
For legacy unicast transmission, 40*14*(5*1024* log2(1024))=2.8672e7 operations are required assuming 14 symbols for 1 millisecond.

For CAS, a 1024-point IFFT is used in subframe 0 every 40ms, and a 12288-point IFFT is used in subframe 1~39. The total operations are 1*14*(5*1024* log2(1024)) + 39*1*(5*12288* log2(12288))=3.3269e7.

For FDM, a 12288-point IFFT is used for PMCH in all subframe each radio frame, and another 128-point IFFT is used for access resource in subframe 0 and 5 every radio frame. The total operations are 8*14*(5*128* log2(128)) + 40*1*(5*12288* log2(12288))=3.3888e7.
2.6.2 FFT
The calculation of computational complexity for FFT at receiver side is similar to the calculation of IFFT at transmitter side. 
The computational complexity is show in Table 3.

Table 3. Comparison of computational complexity
	
	Legacy LTE
	CAS
	FDM

	IFFT/FFT processing (Mop/40ms)
	28.672
	33.269
	33.888


Obervation6: The computational complexity of FDM is similar to that of CAS.
3 Conclusions
In this contribution, evaluation of FDM is discussed and the following observations are made:
Obervation1: The acquisition time of Sync/MIB/SI with FDM is much smaller than that by using CAS. The acquisition time with CAS is four times of that with FDM. 

Obervation2: The performance loss is about 0.17~0.3 dB compared with no interference when 180 kHz guard band is used.
Obervation3: The overhead of FDM is comparable to that of CAS within 40 ms.
Obervation4: Flexible change between broadcast and unicast is supported in FDM but is not supported in CAS.
Obervation5: For FDM, the specification impacts include resource mapping of physical channel and reference signal. For CAS, the content of PBCH also needs to be modified besides the resource mapping of PBCH and SS.
Obervation6: The computational complexity of FDM is similar to that of CAS.
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Appendix A. Simulation assumption for guard band evaluation
The simulation assumptions used for the evaluation of guard band are show in Table A.1-Table A.3.

Table A.1. Simulation assumptions
	Parameter
	Value

	Carrier frequency
	700MHz

	UE speed 
	3Km/h

	Tx antenna number
	1

	Rx antenna number
	2

	Channel  model
	TU

	Channel estimation
	ideal

	Transmission Mode
	TM1

	System bandwidth
	3MHz


Table A.2. Access resource Configurations

	Parameter
	Value

	RB number
	6

	subcarrier spacing
	15kHz

	OFDM symbol number
	14

	Modulation order
	2

	Coding rate
	1/2


Table A.3. PMCH Configurations

	Parameter
	Value

	RB number
	6

	subcarrier spacing
	1.25kHz

	OFDM symbol number
	1

	Modulation order
	4

	Coding rate
	3/4


Appendix B. Simulation results for guard band evaluation
The simulation results are shown in Fig. B.1 and Fig. B.2.
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Figure B.1. Center 6 PRBs performance with interference from PMCH
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Figure B.2. PMCH performance with interference from center 6 PRBs
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